Abstract
criterio de bondad de ajuste. La distribución EV1-GVE fue la de mejor ajuste en el 40% de las muestras analizadas, por lo que se sugiere su aplicación en el caso de requerir estimar eventos de diseño a partir de series no homogéneas.
Descriptores: Muestras heterogéneas, análisis de frecuencias de crecientes, distribuciones mezcladas, estimación de parámetros por máxima verosimilitud.
Intro duc tion
The objective of flood frequency analysis is to estimate the flood magnitude corresponding to any return period of occurrence through the use of probability distributions, which are needed in many studies and projects such as flood plain delineation, flood protection works, river crossings, and channel improvements.
Most flood studies have been analyzed through the use univariate distributions. Several efforts have been made to provide physical and statistical basics for selecting the type of probability distribution function that best fits the frequency distribution of the actual data. One common assumption in statistical analysis of flood frequency is the homogeneity of flood distributions. However, floods are often generated by distributions composed of a mixture of two or more populations. Differences between the populations may be the result of El Niño or La Niña oscillations. The occurrences of this phenomenon modify the normal precipitation patterns in Mexico (Cavazos and Hastenrath, 1990; Magaña et a l., 2003; Magaña and Ambrizzi, 2005) . Its signal reflects in more intense winter precipitation in the Northern states, particularly in Northwestern Mexico. As mentioned by Alila and Mtiraoui (2002) if these physical processes are not considered in conventional flood frequency analysis, the T-year flood estimate can be inefficient for design purposes.
The Mexican government has recognized that climate variability affects many of the its socio-economical activities and has begun to implement actions to diminish the negative effects of extreme climate conditions (floods and droughts). However, poverty has forced people to live almost on the water of rivers, situation that becomes an additional problem for the local governments. In order to protect their lives and goods is very important to account with an additional mathematical tool that might reduce the uncertainties in computing the design events for different return periods, which are needed in many studies and projects such as flood plain delineation.
In order to estimate more efficient quantiles of short or heterogeneous samples, a mixed distribution with Extreme Value Type I (EV1 or Gumbel) and General Extreme Value (GEV) components for the maxima is proposed and it will be called EV1-GEV distribution.
Mixed distri bu tions
The use of a mixture of probability distributions functions for modeling samples of data coming from two populations have been proposed long time ago (Mood et al , 1974) :
Where p is a factor used to weigh the relative contribution of each population (0< p <1), and F(x ) is the composite exceedance probability. F x 1 ( ) and F x 2 ( ) are the components in the mixture.
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Mixed Gumbel Distri bu tion
If F x 1 ( ) and F x 2 ( ) of equation (1) are Gumbel distributions (NERC, 1975) then the five-parameter mixture model of annual floods is (Raynal and Guevara, 1997) :
where υ 1 , α 1 and υ 2 , α 2 are the location and scale parameters for the first and second population, respectively
The corresponding probability density function is
Mixed General Extreme Value Distri bu tion
If F x 1 ( ) and F x 2 ( ) of equation (1) are GEV distributions (NERC, 1975) then the seven-parameter mixture model of annual floods is (Raynal and Santillan, 1986) :
Where ω λ β , , are the location, scale and shape parameters for the first and second population, respectively.
The corre sponding prob a bility density func tion is 
EV1-GEV Distri bu tion
Assuming that first and second populations behave as EV1 and GEV distributions, respectively, equation (1) yields to the six-parameter mixture model of annual floods:
Where υ α , and ω λ , are the location and scale parameters for the first and second population, respectively; β is the shape parameter for the second population. FI-UNAM A Mixed distri bu tion with EV1 and GEV compo nents for analyzing heter o ge neous samples
Esti ma tion of param e ters by maximum like li hood
The likelihood function of n random variables is defined to be the joint density of n random variables and it is a function of the parameters. If X ,X , ..., X 1 2 n is a random sample of a univariate density function, the corresponding likelihood function is (Mood et al., 1974) :
The logarithmic function will be used instead of the likelihood function because it is easier to handle. So, equation (8) is transformed:
Where L is called the likelihood function, ln is the natural logarithm, θ is the set of parameters to be estimated and f x ( , ) θ is the EV1-GEV density function, thus
And the corresponding first order partial derivatives of such function with respect to each of the parameters are
The exact solution provided by the system of equations (11)- (16) is not known, so the maximum likelihood estimators of the parameters were obtained by the direct maximization of the log-likelihood function (eq. 10), which is constrained to α λ > > < < 0 0 0 1 , , , p and x> 0. The suggested procedure is the constrained multivariable Rosenbrock method (Kuester and Mize, 1973) .
As it is known, in any of the multivariable constrained non-linear optimization techniques, global optimality is never assured. Therefore, care must be taken in order to avoid a local optimum. It is suggested to start always with values of the location, scale and shape parameters computed by considering the sample divided into two equal parts. If sample is sorted in decreasing order of magnitude, the first set of data is fitted to the univariate GEV distribution (Prescott and Walden, 1980) , and the second one to the univariate Gumbel distribution (NERC, 1975) . The initial value of the association parameter p will be equal to 0.5.
For the mixed Gumbel and the mixed GEV distributions parameters are estimated following the same optimization procedure.
Case study
A region located in Northwestern Mexico, with a total of 35 gauging stations was selected to apply the EV1-GEV distribution to flood frequency analysis. Table 1 shows statistical characteristics of data for each station in the region.
In the area considered in this study, flood outliers correspond to observed rainfall values much higher than the other annual
maxima. Such extremely heavy rainfall is due to special meteorological conditions in connection with ENSO events in the Pacific Ocean. In the analyzed area, 62% of the highest annual maximum discharges gauged were generated in an El Niño year and 38% for its counterpart, La Niña.
Results provided by the EV1-GEV distribution were compared with those produced by the mixed Gumbel and mixed GEV distributions. For each station the best one was chosen according to the criterion of minimum standard error of fit ( SE), as defined by Kite (1988) :
, ... =1 recorded events; are the event magnitudes computed from the probability distribution at probabilities obtained from the sorted ranks of, g i n n i , ,..., , = 1 is the length of record, and q is the number of parameters estimated for the mixed distribution. For the mixed distributions, Gumbel, GEV and EV1-GEV q will be equal to 5, 7 and 6, respectively.
In table 2 is depicted the SE for all mixed distributions along with the best model for the sample of data considered.
The final at-site design events Q (m 3 /s) for different return periods T(years) in each station are presented in Table 3 .
In some sites a comparison is made among different at-site design events (Table 4) . For instance, in station Chinipas the computed SE are very similar, however, as return period increases, differences among flood estimates are more significant. A bad selection of the best distribution in the analyzed site can substantially modify the design event and that the hydraulic project might become economically unfeasible or unsafe.
An additional problem is when a short record is used (less than 30 years), because there is an increased risk that the flood estimate will not provide adequate protection of designated uses. One way to reduce the bias or uncertainty in the flood estimate is to use a regional data set with observations from several sites.
Mixed Gumbel, GEV and EV1-GEV distributions can be easily used to obtain regional at-site estimates of floods by using the station-year method in regions with heterogeneous sample data. The general procedure of this regional technique can be found in paper written by Cunnane (1988) .
This regional technique was not applied in the paper and it just was mentioned to be considered for users in their hydrological analyses.
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Conclu sions
Floods are often generated by heterogeneous distributions composed of a mixture of two populations. Differences between the populations may be the result of a number of factors such as the El Niño/La Niña oscillations. In the analyzed area 62% of the highest annual maximum discharges (outliers) were generated in an El Niño year. The magnitude of these events is very important and floods can seriously affect people. For this reason, it is necessary to account with an additional mathematical tool that be able to reduce the uncertainty in estimating of de-sign events, which are needed in many water-engineering studies and projects.
In this paper a mixed distribution has been derived by considering different components in an opposite way as usually do. F x 1 ( ) and F x 2 ( ) of equation (1) were the EV1 and the GEV distributions, respectively.
Results shown that there exists a reduction in the standard error of fit when using the EV1-GEV distribution in comparison with the mixed Gumbel or mixed GEV distributions, and just in one out of the 35 analyzed cases, the proposed distribution could not reach convergence in the estimation of parameters process. By contrast, the Mixed GEV distribution had seven failures with the same estimation process.
In 13 sample data the EV1-GEV distribution produced the least standard error of fit (40% of analyzed cases) and in other different cases it was very close to the mixed Gumbel and mixed GEV distributions, However, as it was shown, differences between at-site design events can be significant as return period increases. A bad selection of the best distribution in the analyzed site can substantially modify the design event and also that the hydraulic project might become economically unfeasible or unsafe. Thus, by taking into consideration the mixed flood distributions a more accurate, physically based flood frequency analysis can be obtained and sensible savings in costs of construction of flood protection structures can be expected. This can also improve the setting of flood plain limits and the safety of control structures.
